This paper studies the structural response of a single degree-of-freedom structure including a fractional derivative constitutive term. Unlike usual existing models for this kind of structure, the excitation is not necessarily a Markovian process but it is slowly varying in time, so that a timescale separation is used. Following the general formulation of the Multiple Timescale Spectral Analysis [1] , the solution is developed as a sum of background and resonant components. Because of the specific shape of the frequency response function of a system equipped with a fractional viscoelastic device, the background component is not simply obtained as the variance of the loading divided by the stiffness of the system. On the contrary the resonant component is expressed as a simple extension of the existing formulation for a viscous system, at least at leading order. As a validation case, the proposed solution is shown to recover similar results (in the white noise excitation case) as former studies based on a stochastic averaging approach [2, 3, 4]. A better accuracy is however obtained in case of very small fractional exponent. Another example related to the buffeting analysis of a linear fractional viscoelastic system demonstrates the accuracy of the proposed formulation for colored excitation.
Fractional Calculus in Mechanics 1
Fractional calculus has attracted considerable attention over the last decades in the mechanical and structural engineering community. In some early works [5] dealing with the modeling of visco-elastic damping, a fractional derivative Maxwell model was used. An experimental demonstration [6] has confirmed the appropriateness of this model and further trigger scientific curiosity about fractional calculus in mechanics. This model is based on the Riemann-Liouville definition of the fractional derivative operator
where α ∈ 
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This review of the literature reveals two trends. On one side, there are simple dynamical systems with linear (or linearized) behaviour and white noise excitation, which possess closed form solutions. On the other side, there are numerical techniques to deal with more realistic loadings (sometimes nonstationary), more realistic structures and/or slight nonlinearities. The missing gap in-between is related to the understanding (via simple analytical solutions) of the behavior of complex structures subjected to more realistic loadings. As a first step towards this goal, we consider the stochastic analysis of a linear system subjected to a low frequency loading specified by its arbitrary power spectral density. More precisely, we consider the oscillator governed by
where ξ is the dimensionless fractional coefficient and 
Solution of The Problem
In this paper, the Multiple Timescales Spectral Analysis is applied to the considered problem, which demonstrates the ability of the method to deal with visco-elastic dampers, but also to provide an engineering insight into the different components of the structural response of a stochastically excited oscillator in the presence of dissipative devices modeled with fractional derivatives. To do so, let us first consider the Fourier transform of (2)
where C = cos απ 2 and S = sin απ 2 , so that the power spectral density of the response is given by 
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As a result of the fractional powers of Ω appearing in K(Ω), the response of the system at second order, its variance, defined as
is unfortunately not available in a simple closed form, First, the background component is evaluated by rescaling the frequency axis Ω with the stretched coordinate ζ defined as Ω = βζ. With this scaling, the background component develops over a domain of order 1 and, considering the separation of timescales β 1, the kernel K [Ω (ζ)]can be approximated bŷ 
which is the lowpass fractional filtered energy in the 
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Second, the resonant component needs to be developed. To do so a remainder is constructed by subtracting this first approximationK (Ω) from the original function to integrate, that is
The function to be integrated features two symmetri- ξ [18] .
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The natural stretched coordinate to focus on the peak 234 in the positive region is therefore η defined as
Using this stretching, the integrand in (9) becomes, after some simplifications [31]
where the coefficients c 0 = S 2 (1 + 2ξαC), c 1 =
This approximation is also represented by dotted 
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To summarize, the background/resonant decomposition of the variance of a linear oscillator with fractional derivatives is given by
This expression regularly extends the well-known background resonant decomposition in case of integer derivative (α = 1, C = 0, S = 1), which is
It also shows that, at leading order, the response are as large as 1.
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In both figures, the background component σ for large values of α, i.e. as the behaviour of the fractional damper tends to viscosity (see Figure 5) . 
